INTRODUCTION
In spite of the economic importance of the Xiphinema americanum-group nematodes, the information on the group has not been updated in Japan since the work of Shishida (1983) . Xiphinema brevicolle Lordello et Costa, 1961 is one of the member species of the X. americanum-group and the occurrence of X. brevicolle in Japan was recently reported for the first time (Sakai et al., 2011) . During a survey for plant-parasitic nematodes of commercial ornamental plant nurseries in Chiba Prefecture, Japan, we detected other populations of X. brevicolle from root zone soil samples of Japanese holly (Ilex crenata Thunb.) at several locations. As specific identification of the X. americanum-group is difficult even for nematode taxonomists familiar with the genus Xiphinema (Luc and Baujard, 2001) , it is essential to accumulate information on morphological and molecular aspects of intra-specific populations to clarify the intra-specific variation. This study was conducted using morphological characters of females and DNA sequences of the mitochondrial COI region and the nuclear ribosomal RNA regions (rDNA) to study intra-specific variations of the species.
MATERIALS AND METHODS

Nematode populations:
Populations identified as X. brevicolle were taken from the root zones of Japanese holly growing in commercial plant nurseries at four locations from two cities (Togane and Yachimata) in Chiba Prefecture, Japan. Four populations at these locations were examined: 1 population in Togane (T3); and 3 populations in Yachimata (Y6, Y18 and Y26). Nematodes were extracted with Cobb's wet-sieving technique. Material from each extraction was collected on a 75 µm mesh sieve then placed on a Baermann funnel and nematodes were collected after one day at room temperature. Morphological study:
Female nematodes of each sample were transferred to a small amount of water, killed by heating at 60 for 2 min, and fixed with FG4:1 (De Grisse, 1969) . The specimens were fixed for more than one week, processed into glycerin by the ethanol/glycerin method (De Grisse, 1969; Seinhorst, 1959) , and mounted in dehydrated glycerin supported with both minute glass beads and paraffin on glass slides. Morphological observations were made using a DIC microscope (BX51, Olympus Co., Japan). A digital camera, Olympus DP21, was used for measuring morphometrics. During a survey for plant-parasitic nematodes of commercial ornamental plant nurseries in Japan, four populations of Xiphinema brevicolle Lordello et Costa, 1961 were detected from root zone soil samples of Japanese holly (Ilex crenata Thunb.) at four locations and examined to study the intra-specific variations. Two populations are comparatively larger in body size than the other two though their morphometrics overlap. Phylogenetic analysis of DNA sequences of the mitochondrial COI region by Maximum Likelihood method revealed two divergent groups among the six sequence variants whereas DNA sequences of the nuclear 18S rDNA region and the nuclear large subunit rDNA D2/D3 region were of little use to clarify the relationship between the populations. Referring to the two COI groups, differences within each group (< 0.5%) are regarded as intra-populational variations and those between the two groups (7.2-7.6%) are regarded as inter-populational variations. One population only accommodates individuals of both of the COI groups and has a wider range of body lengths than the other populations. Finally, this population is considered as a collection of conspecific but clearly distinct populations and such a case may be a burden in examination of a given sample of X. americanum-group species because a cohabitant mixture of distinct conspecific populations with visually undetectable differences may be present. Nematol. Res. 42 (1), 1-7 (2012). Key words: 18S, COI, D2/D3, rDNA, Xiphinema americanum-group Body length and position of vulva were measured with a digital curvimeter on nematode line drawings prepared using a drawing tube. Scatter plots for body length and odontostyle length were drawn using JMP 9.0.2 (SAS Institute Inc., USA). Molecular study:
Intra-specific variation of
DNA extractions from single female specimens were carried out according to Sakai (2010) . Before DNA extraction, the specimens were individually tagged, killed by gentle heat, prepared as temporary water mounts, and measured for body length and odontostyle length, respectively.
DNA fragments of the nuclear 18S rDNA region, the nuclear large subunit rDNA D2/D3 region, and the mito-chondrial COI region were amplified by PCR and sequenced according to Sakai et al. (2011) . The DNA sequences were aligned by MUSCLE (Edgar, 2004) and arranged using BioEdit (Hall, 1999) .
A phylogenetic analysis including substitution model selection was performed using MEGA5 (Tamura et al., 2011) to compare the obtained sequences. A maximum likelihood (ML) tree was constructed using 886 sites for multiply aligned DNA sequences of the COI region, where the Hasegawa-Kishino-Yano model (Hasegawa et al., 1985) with a discrete Gamma distribution used to model evolutionary rate differences among sites (5 categories) as a result of the model selection (HKY + G with the lowest BIC score), the Table 1 . Morphometrics of Xiphinema brevicolle (female). Mean ± standard deviation (range) in µm, except for L in mm, and ratios. CNI method, bootstrapping with 500 replications, and an automatically generated tree as the initial tree were employed. Sequences of X. brevicolle (AB604337) and Xiphinema sp. (AB604338, AB604339) in Japan (Sakai et al., 2011) were also included in the analysis. The sequence of X. americanum (AY382608: He et al., 2005) was used to root the obtained tree. (Table 1 ) and a scatter plot for body length and odontostyle length of all glycerinprocessed specimens examined here (Fig. 1) show that Y6 Fig. 1 . Scatter plot for body length and odontostyle length of all glycerin-processed specimens examined in this study. See Table 1 for the sample size. Fig. 2 . Scatter plots for body length and odontostyle length of glycerin-processed specimens and DNA-extracted specimens, arranged for respective populations. : glycerin-processed specimens, +: DNA-extracted specimens. See Table 2 for the sample size.
RESULTS
Morphometrics of the specimens
and Y26 are comparatively larger in body size than T3 and Y18 whereas their morphometrics overlap and generally agree with those of another Japanese population (Sakai et al., 2011) and the topotype specimens (Lamberti et al., 1992) of X. brevicolle. Similar scatter plots arranged for glycerinprocessed specimens and DNA-extracted specimens of respective populations show general correspondence between the two kinds of specimens in each population (Fig. 2) . DNA sequences of 1,566 bp except for primer regions were obtained for the 18S rDNA region and they were all identical to AB604340 reported in our previous work (Sakai et al., 2011, Fig. 3 ), whereas they are different by only one or two nucleotides. DNA sequences of 886 bp except for primer regions were obtained for the mitochondrial COI region and six variants including one variant identical to AB604337 reported as above in Sakai et al. (2011) were detected ( Table 2 , Fig. 4 ). The ML tree for the COI region showed clear divergence of the six variants into two groups, namely Group 1 including four variants and Group 2 including the other two (Fig. 5) . One or two sites within Group 1 and four sites within Group 2 are different respectively, whereas 64-67 sites are different between the two groups. Table 2 shows inter-and intra-populational uniformity and/or variation in genetic regions. As far as the tested specimens are concerned, only Y6 accommodates individuals of both COI groups and has a wider range of body lengths than the other populations ( Table 2 , Fig. 1 , 2). Fig. 3 . DNA sequence comparison for the rDNA D2/D3 region of Xiphinema brevicolle. AB675667 and AB675668 are original in this study. Sequences identical to AB635402 were also detected from specimens examined in this study, which was reported in our previous work for another population in Japan as well as AB635401 (Sakai et al., 2011) . Only the part with sequence differences is shown. A dot indicates the nucleotide identical to AB635401 and a hyphen represents a gap. Fig. 4 . DNA sequence comparison for the mitochondrial COI region of Xiphinema brevicolle. AB675669-AB675673 are original in this study. Sequences identical to AB604337 were also detected from specimens examined in this study, which was reported in our previous work for another population in Japan (Sakai et al., 2011) . A dot indicates the nucleotide identical to AB604337.
DISCUSSION
Two divergent groups of the COI sequence variants were detected from the four populations examined in this study (Fig. 5 ). This had been unexpected because their morphometrics overlap (Table 1 , Fig. 1 ) and their collection sites are geographically close. Furthermore, one population (Y6) surprisingly accommodates both groups whereas the other three populations comprise a single group respectively (Group 1 for T3 and Y18, Group 2 for Y26). It is highly probable that these populations of X. brevicolle reproduce parthenogenetically and each population represents a clone or a mixture of clones as stated by Luc et al. (1998) . Considering such a situation, how should COI variations be evaluated within and between the two groups? As for our data, it is reasonable to regard differences within each group (< 0.5%) as intra-populational variations and those between the two groups (7.2-7.6%) as inter-populational variations. In that case, a question may arise: do Group 1 and Group 2 represent different species? According to Blouin et al. (1998) most inter-specific differences of the mitochondrial DNA sequences among nematode species (mainly referring to animal parasites) are in the 10 20% range. It is therefore reasonable to regard these two groups as conspecific for the present. Finally, Y6 is considered as a collection of conspecific but clearly distinct populations and its morphometric data should be handled carefully, especially in evaluation of value ranges. Such a case may burden us with more careful and laborious handling of specimens in examination of a given sample of some X. americanum-group species because we must always consider the possibility of a cohabitant mixture of distinct populations with visually undetectable differences. Therefore, a statistically summarized representation of morphometric values, such as arithmetic mean standard deviation with range, will not always give an appropriate description of morphometric distribution in a sampled collection, which can lead to misinterpreting cohabitant mixed populations as the same population with a wider range of morphometrics. Scatter plots of individual morphometrics can be helpful to find variations in a given sample and it would be desirable to accompany any work handling morphometrics of X. americanum-group populations at least with a scatter plot of body length and odontostyle length of tested individual specimens as presented here.
Sequences of the rDNA 18S and D2/D3 regions were of little use to clarify the relationship between the populations examined in this study. In addition to the minute nucleotide differences among them, the variants of the D2/D3 region are highly probable to be intra-individual variants considering the DNA sequence trace data examined (data not shown) and it may bring unreliable results of phylogenetic analyses since it is much more difficult to identify orthologous sequences among them. It is also troublesome that gaps are frequently found in multiple sequence alignments of the rDNA regions as shown in Fig. 3 because the way to treat gaps may affect the results of the phylogenetic analyses. Multiple sequence alignments of the mitochondrial COI region usually have sufficient discriminative information and no gap leading to easier access to successful results of phylogenetic analyses though the region has been examined for X. americanum-group populations in only a few published works to date (Kumari et al., 2010a (Kumari et al., , 2010b Lazarova et al., 2006; Sakai et al., 2011) . The molecular information of this region should be accumulated in more detail to tackle and overcome the challenging problems in identification and taxonomy of X. americanum-group species as well as the morphological information carefully linked to the DNA specimens to be used.
